Abstract -The objective of this work was to evaluate the effect of punctual grain supplementations on rumen degradation of cows grazing temperate pastures, with emphasis on degradation of fibrous components and in relation to rumen pH and NH 3 -N concentrations. Two experiments were conducted with 4 cannulated cows grazing a temperate grass and legume mixture. In experiment 1, treatments were: pasture grazed as sole feed ('pasture') and pasture supplemented with 6 kg·day −1 of corn/wheat (50/50, w/w) ('grain'). In experiment 2, supplementation (3.8 kg) of wheat and corn were compared. Diurnal rumen pH dynamics and nylon bag degradability of dry matter (DM) and fibre fractions of the grazed pasture were measured in both experiments. Additionally, the in vitro digestibility of a collection of feedstuffs (IVTD) was assessed using rumen contents of animals of Experiment 2. Supplementation affected the average pH ('pasture': 6.54 vs. 'grain': 6.24, P < 0.001) and the fractional degradation rate (kd) of the pasture DM, which was lower when cows were supplemented (P = 0.048). The nature of supplemented grain did not affect rumen pH, NH 3 -N concentration, DM or fibre degradation of the in situ incubated forage. However, IVTD was higher when cows consumed corn than wheat for most in vitro incubated substrates, with larger differences for more fibrous material.
INTRODUCTION
Temperate pastures make up most of the Uruguayan bovine diet with concentrates, rarely exceeding one third of the whole diet. Ground grains and grain by-products are commonly used supplements, provided once or twice daily and completely consumed within a few minutes. However, both the quantity and the fermentation rate of the supplement can affect the rumen environment [11] and hence, the utilisation efficiency and degradability of the forage. Moreover, the nitrogen fractions of temperate pastures are rapidly and extensively degraded in the rumen, producing NH 3 -N [14, 16] . Grains, containing easily fermentable carbohydrates are suggested to improve the microbial incorporation of the NH 3 -N produced from the pasture [10] through optimised synchronisation. Nevertheless, grain sources show differences in ruminal fermentation rates, with corn and sorghum having a slow fermentation rate, whereas wheat and barley are rapidly and completely fermented in the rumen [6, 8] .
However, most trials have been performed under confinement conditions, with high concentrate/forage diets, whereas less information is available about the effect of grain supplementation on the rumen environment under grazing situations. Hence, the aim of this work was to evaluate the effect of a pulse grain supplementation to grazing cows, on ruminal pH and NH 3 -N concentration and on pasture degradability.
In a second experiment, wheat and barley supplementation was compared.
MATERIALS AND METHODS

Experimental design
Two experiments were conducted on the Experimental farm of the Veterinary Faculty of Uruguay, located in the San José Department, Uruguay (34
• latitude south and 55
• longitude west). Four dry rumen cannulated Holstein cows, on average weighing 600 kg BW, were used. The cows were grazing a mixed grass/legume pasture (Trifolium repens, Festuca arundinacea, Lolium multiflorum, Lotus corniculatus), in the vegetative stage during the spring. The experiments consisted of a 7 day adaptation period, followed by 7 days of an experimental period. Two cows per treatment were used in each period according to a cross-over design.
In a first exploratory assay (Experiment 1) the treatments were the following: pasture grazed as sole feed (treatment: 'pasture') and pasture grazed and supplemented with a mixture of corn and barley (50/50, w/w) (treatment: 'grain'). The chemical composition of the pasture grazed and of the grains used is shown in Table I . The daily amount of supplement assigned was 1% of the BW (6 kg on average). It was provided ground, individually and in two equal meals (08:00 and 18:00 h). For each animal, period and treatment, the evolution of ruminal pH during 24 h and the degradability of dry matter (DM), neutral detergent fibre (NDF), acid detergent fibre (ADF) and hemicelluloses (HEM) of the grazed pasture were studied. Based on the results of this preliminary exploration, a comparison of the two grains was made (Experiment 2). During this experiment wheat (treatment: 'wheat') or corn (treatment: 'corn') was supplemented to grazing animals. The total amount of grain represented 33% of the daily amount of DM ingested. It was provided ground, individually in two equal meals (10:00 and 22:00 h). From 08:00 to 12:00 and from 20:00 to 24:00 h, cows were confined and not allowed to graze. In order to adjust the quantity of grain to total DM ingestion, individual intake of pasture was estimated as follows: before the adaptation period, cows were individually tied to a stake. For each cow the grazing area and the availability of pasture before and after grazing was measured daily for 10 days. The measurement of pasture availability (before and after grazing) was performed by cutting three strips (0.5 × 0.2 m) and collecting total herbage mass using manual scissors. Pasture samples were weighed and dried at 60
• C for 48 h for DM determination. During this period of intake determination, each cow was supplemented with 3 kg of grain. During this period, the average intake of pasture was 8.5 kg of DM. The individually distributed quantity of grain for the experimental period was adjusted according to the estimation of total DM intake (pasture + grain) of each animal (3.8 kg of DM on average). For each animal, period and treatment, the analyses performed were the following: the evolution of ruminal pH and NH 3 -N concentration during 24 h, the degradability of pasture DM, NDF, ADF and HEM and the in vitro ruminal digestibility (IVTD) of 8 feedstuffs (corn grain, wheat grain, corn silage, grass hay, grass silage, pasture 1, pasture 2 and pasture 3). The characteristics of the pasture and feedstuffs used during the experimental period are presented in Table I . 
Rumen pH and NH 3 -N concentration
Rumen pH and NH 3 -N concentration were recorded every 60 min for 24 h. Rumen liquor was taken through permanent tubes inserted in the rumen by the cannula and pH was measured immediately after sampling. For NH 3 -N determination, a sample of 10 mL was conserved with 10 mL of 200 g·kg −1 NaCl and frozen. After thawing, NH 3 -N was determined by direct distillation in Kjeldhal equipment. The results were expressed as mg of NH 3 -N·100 mL −1 of ruminal liquor. The ingestive activity prior to sampling was registered (grazing, no-grazing) for each animal.
Rumen degradability
Degradability trials were performed by the in situ method. Forages were dried in an air forced oven at 60
• C to constant weight and ground to pass a 2-mm screen. Samples (5 g) were introduced into nylon bags (10 × 20 cm, 52 µm pore size, ANKOM Technology Corp. Fairport, NY, USA). Forages were incubated for 2, 4, 8, 12, 24, 48 and 72 h (Experiment 1) and for 3, 6, 12, 24, 48, 72 and 96 h (Experiment 2), performing two series per incubation time, introducing the bags 2 h before grain supplementation. After being removed from the rumen, the bags were washed with tap water and frozen. Three additional bags were stored after washing without rumen incubation and were considered the 0 h incubation. After thawing, the bags were manually washed with tap water (10 min), dried at 80
• C for 48 h and analysed for NDF and ADF. Disappearance of DM, NDF, ADF and HEM calculated from bag residues were fitted by non-linear regression for each sample, cow, period and treatment to the exponential model proposed by ∅rskov and McDonald [9] :
where d (%) is the disappearance of forage at time t, a (%) is the soluble fraction, b (%) is the non-soluble but degradable fraction and k d (%·h −1 ) is the fractional degradation rate of fraction b. The undegradable fraction (u) (%) was calculated as 100 -(a + b). When NDF, ADF and HEM fractions were fitted, a was assumed 0, since 0 h incubations revealed no disappearance of these fractions. Effective degradability was calculated as
using constant rumen particulate outflow rates (kp) of 6%·h −1 (ED06) and 3%·h
In vitro rumen digestibility
In vitro rumen digestibility (IVTD) of the feedstuffs described in Table I was determined in a DAISY equipment (DAISY in vitro rumen fermenter, Ankom Technology Corp. Fairport, NY, USA) using rumen liquor of both maize and barley supplemented animals during the experimental period. Five hundred mL of rumen liquid was sampled 2 hours after grain supplementation and used immediately. The samples of feedstuffs were ground to pass a 2-mm screen and incubated in porous bags during 48 h (2 replicates). After incubation, the bags were washed for 1 h at 100
• C in a neutral detergent solution and dried in an air forced oven at 105
• C to constant weight [1] . The IVTD was calculated as the percentage of material disappearing after incubation and washing procedures.
Chemical analysis
The samples were analysed for dry matter (DM, 105
• C until constant weight, [15] . Hemicellulose (HEM) was calculated as NDF-ADF. For chemical analyses, the samples were ground to pass a 1-mm screen.
Statistical analysis
Data were analysed using the Statistical Analysis System (SAS). pH and NH 3 -N concentrations were analysed as repeated measures using the mixed model (PROC MIXED). The model included the fixed effect of treatment, the interaction treatment per hour, and the random effects of cow and period. The values of a, b, u, kd, ED and IVTD were studied by analysis of variance (ANOVA). The model included the effects of treatment, period and cow. Rumen degradation parameters in experiment 2 and IVTD results were analysed for the feedstuffs altogether and for each one separately. Linear correlation analysis between pH and NH 3 -N concentration was made. The differences were considered significant at P < 0.05.
RESULTS
Experiment 1 (exploratory assay)
Mean rumen pH and its daily dynamics in cows grazing pasture as sole feed or supplemented with grain are presented in Table II and Figure 1 . Mean pH values for 'pasture' and 'grain' treatments were different (6.54 vs. 6.24, P < 0.001). The minimum mean value was observed 4 h post-supplementation (5.86, Fig. 1 ) for the 'grain' treatment, and averages for this treatment were below six, 1, 4 and 5 h postsupplementation. Table II also presents degradability parameters of DM, NDF, ADF and HEM of the forage incubated in the rumen of cows under 'pasture' and 'grain' treatments. Supplementation only affected the fractional DM degradation rate (kd) of the forage, which was lower when cows consumed grain and pasture than when they consumed pasture as the sole feed (0.103 vs. 0.074; P = 0.048).
Experiment 2 (comparison of two grains)
Comparisons of rumen pH and NH 3 -N in cows grazing pasture and supplemented with wheat or corn are presented in Table III , but no differences were observed. Moreover, rumen pH and NH 3 -N concentration dynamics were similar, as evidenced by the absence of significant interactions between the treatment and time after supplementation. However, both parameters significantly differed with time after supplementation (P < 0.001). Figure 2A , shows considerable variations in rumen pH. Minimum mean pH values were observed 8 to 11 h after the morning and 8 to 9 h after the evening supplementation ('wheat': 5.67, 'corn': 5.66 and 'wheat': 5.60, 'corn': 5.71, respectively). Maximum NH 3 -N concentrations were observed 8 hours after the morning supplementation ('wheat': 27.2 and 'corn': 30.5 mg·100 mL −1 ; Fig. 2B ). Maximum pH coincided with minimum NH 3 -N concentration. In fact, there was a low, but significant negative correlation between these two parameters when all measurements were considered (r = -0.39; P < 0.001, n = 185).
The supplemented grain source did not affect DM and fibre degradation characteristics of the forage studied (Tab. III).
The in vitro rumen digestibility (IVTD) of feedstuffs incubated in the rumen liquor of cows supplemented with wheat and corn Fibre degradation by grain supplemented grazing cattle 517 Table III . Rumen pH, NH 3 -N concentration (mg·100 mL −1 ) (n = 96) and pasture nylon bag degradation characteristics (n = 4) of pasture grazing cows supplemented with wheat or corn (Exp. 2). is presented in Table IV . Mean IVTD for all feedstuffs studied was higher when cows consumed corn than wheat, but not always significantly different and of the same magnitude. The greatest differences were for grass hay and grass silage.
DISCUSSION
Rumen pH of animals grazing pasture as sole feed was always near the optimum for cellulolytic activity (6.7 ± 0.5 according to Van Soest [17] ) and was higher than values observed by other authors in similar conditions [5, 13] . Supplementation led to significant lower pH values (Tab. II). Grain supplementation reduced fractional degradation rate (kd) (Tab. II) which may be indicative of a lower cellulolytic activity. Nevertheless, no changes were observed on the degradation of any fibre compound. These results are different from those reported by Berzaghi et al. [3] , who observed an important diminution in NDF digestion of the forage when lactating dairy cows were supplemented with a similar quantity of corn (6.4 kg, 1.16% of the BW, 30% of the whole diet).
The average rumen pH of cows supplemented either with wheat or corn (Tab. III) was around 6, and no differences were observed among treatments. Similarly, García et al. [5] , studying rumen pH of dairy cows grazing temperate pastures did not find differences when supplementing barley or corn. Nevertheless, Figure 2A , revealed major daily fluctuations in rumen pH. This was supposedly due to long periods of confinement during this experiment (8 h·day −1 ), leading to high rates of pasture ingestion during the grazing periods. Minimum pH was not registered immediately after supplementation but after a few hours of grazing. This was in agreement with the results of Rearte and Santini [13] , under similar conditions. NH 3 -N concentrations were similarly high for wheat and corn supplemented cows (Tab. III) and similar to those reported by Berzaghi et al. [3] for cows grazing temperate pastures (22.4 mg·100 mL −1 ). According to Jouany et al. [7] , these concentrations guarantee N supply for optimal microbial growth.
In this work, a negative relationship between pH and NH 3 -N concentration was observed. Similar results were reported by Dalley et al. [4] measuring pH and NH 3 -N in animals grazing high quality pastures and supplemented with wheat and barley. As expected, maximum NH 3 -N concentrations were observed during grazing periods, which obviously is related to the ingestion of highly degradable grass crude protein, as observed in these types of pastures by Repetto et al. [14] . The grain used for supplementation had no effect on DM nor fibre degradation (Tab. III). Poore et al. [12] using diets with 30% of starch, observed higher rumen cellulose digestibility when concentrates contained slowly degradable starch, although global fibre digestibility was similar. Philippeau et al. [11] observed differences in DM degradation when corn or wheat were used, but in that work supplementation levels were higher (67-75% of DM ingested).
Rumen liquor obtained from corn supplemented cows generally increased IVTD, with the largest differences observed for more fibrous feedstuffs (grass hay and silage).
According to these results, no differences would be expected on microbial NH 3 -N utilisation efficiency and rumen forage degradation upon supplementation of either wheat or corn under Uruguayan grazing conditions. However, the lower IVTD observed when fibrous materials were incubated in wheat supplemented cows are indicative of changes in microbial populations. These changes can have negative consequences in productive performances if the supplementation level rises.
CONCLUSION
It is concluded that, under the present experimental conditions the addition of grain led to lower ruminal pH. However, rumen degradation of the grazed forage was not affected to a major extent irrespective of the nature of the grain supplement. Nevertheless, higher IVTD, particularly of fibrous material in incubation with rumen liquor of corn supplemented cows may be indicative of some pressure on cellulolytic micro-organisms when supplementing wheat instead of corn.
